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1 . Field of the Invention: 

[0011 The present invention relates to the field of parachutes and, more particularly, to a novel 
type of parachute that will equal, or surpass, the performance characteristics of a conventional 
oircular/h e misph e rical semi-spherical ballistic type parachute and, in some ways, controllably 
mimic the performance characteristics of a higher performance, parafoil type, gliding wing, 
parachute. 

2. Description of the Prior Art 

r0021 In general terms, for personnel use, and for the aerial delivery of cargo, there are two 
types of parachutes in use today. One type is the circular/h e misph e rical semi-spherical ballistic , 
drag producing, ballistic parachute, commonly known in the trade as a round parachute, although 
it is typically constructed as a polygon. The other type is a ram-air inflatable wing, which is a 
lift producing, gliding parachute, commonly known in the trade as a parafoil or a square 
parachute, although it is generally rectangular or elliptical in plan form. 

a. Ballistic Parachutes 

r0031 The circul ar/h e mi sph e ri cal semi -spheri cal ballistic, type parachute has been in use for 
many, many, decades and continues to be the most widely used parachute type, by a huge 
margin. Performance of this type of parachute is almost entirely dependent on drag because it 
has extremely little gliding or lift generating capability. In many instances, having no true 
gliding capability, drifting only where the wind carries it, is not only acceptable, it is quite 
desirable. For instance; during mass parachute deployments of military troops or equipment, the 
non-gliding feature of the oircular/hemisph e rical semi-spherical ballistic, type parachutes allows 
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these uncontrolled parachutes to generally maintain relative separation. This feature greatly 
reduces the opportunities for parachute collisions and subsequent entanglements. 

[004] Semi-spherical ballistic parachute canopies are occasionally provided with directional 
venting, which allows them to be steered to a desired heading, but their gliding performance is 
extremely low. Even though this steering technique has been known for many years, parachutes 
having this configuration are used very little and, when used, are used almost exclusively as 
personnel parachutes. By lacking the capability for traversing through an air mass and the high 
cost for guidance and control, this type of parachute has not generally been considered to be 
sufficiently effective for guided cargo aerial delivery systems. 

[0051 While it is much less costly to fabricate a semi-spherical ballistic type parachute than a 
parafoil type parachute, of the same general size, construction of the semi -spherical ballistic type 
of parachute is, nevertheless, not especially efficient use of the fabric from which it is 
constructed. A typical semi-spherical ballistic type parachute canopy is generally constructed 
from multiple triangular gore panels that radiate from a central point. Generally, the gore panels 
are truncated to provide the parachute canopy with a centrally located vent and, occasionally, the 
triangular gore shape is slightly modified to provide a more aerodynamical ly appropriate shape 
for a specific application. Extending outward from the canopy skirt, generally from the radial 
seams that join the gores, are suspension members with a length that generally approximate the 
constructed diameter of the canopy. 

[006] The horizontal profile of the canopy of a ballistic parachute, when inflated into a 
spherical cap, will be less than the surface area of the canopy resulting in a projected diameter 
that is reduced by approximately one third of its constructed diameter. An undesirable 
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consequence of a semi-spherical ballistic canopy that has been effectively reduced by 
approximately 33.3% of its constructed diameter is that it projects a drag area that has been 
reduced by approximately 44.4% of its constructed area. 

b. Parafoil-type Parachutes 

["0071 The parafoil type parachute is a ram-air inflatable wing and is, ther e for e , very 
depend e nt on requires a relatively fast forward glide velocity to produce lift; just as the forward 
velocity of an airplane wing produces lift. The parafoil type parachute is also quite ste e rabl e , 
making it highly maneuverable. The gliding and lift producing characteristics of the parafoil 
type parachute, coupled with omnidirectional steering, allows it to glide long distances and be 
accurately maneuvered to a precise landing point. The attributes of the parafoil type parachute 
make it the overwhelming choice for modern day skydivers and military operations when 
precision landing of troops or cargo is desirable. th e goal. 

[008] The very features that make the parafoil type parachute extremely desirable for some 
select applications make it much less desirable for other applications, however. Properties that 
allow the parafoil type parachute to glide long distances, and be highly maneuverable, require 
that it have a costly guidance and control system for delivering cargo to precise target locations 
or that it be operated by only highly skilled parachutists when used as a personnel parachute. 

The very f e atur e s that make the parafoil type parachut e e xtremely desirabl e for som e s e l e ct 
applications make it much l e ss d e sirabl e for oth e r applications, howov e r. Prop e rti e s that allow 
the parafoil typ e parachut e to glid e long distances, and b e highly maneuv e rabl e , r e quir e that it 
hav e a costly guidanc e and control syst e m for deliv e ring cargo to precise targ e t locations or that 
it be op e rat e d by only highly skill e d parachutists when usod as a p e rsonn e l parachut e . 
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r0091 The circularfli e misphorical semi-spherical ballistic, type parachute, even coupled with a 
guidance and control system, is typically inadequate for accurate target attainment but the 
parafoil type parachute may have excessive capabilities and, in some instances, introduce more 
problems than it solves. The properties that permit this type of parachute to be guided to a very 
specific target will also allow it to reach a point very distant from the desired target if not steered 
correctly. Additionally, even though parachutists using the parafoil type parachutes are typically 
very skilled, some number of deaths occur each year as the result of high speed landings or 
midair collisions with fellow parachutists and/or the e nsu e in g ensuing entanglements that cause 
crash landings after the entangled parafoils lose their forward velocity and, consequently, their 
lift. Moreover, the parafoil type parachutes are very labor intensive to fabricate and are, 
therefore, quite costly when compared to a circular/hemispherical semi-spherical ballistic type 
parachute of the same general size. 

Circular/hemispherical parachute canopi e s ar e occasionally provided with dir e ctional v e nting, 
which allows th e m to be ste e red to a desir e d h e ading, but th e ir gliding p e rformanc e is e xtr e mely 
low. Ev e n though this st ee ring t e chniqu e has b ee n known for many y e ars, parachutes having this 
configuration ar e used v e ry littl e and, wh e n us e d, ar e us e d almost e xclusiv e ly as personn e l 
parachut e s. Because of very littl e capability for trav e rsing through an air mass, and the high cost 
for guidanc e and control, this typ e of parachute has not generally b ee n consid e r e d to b e 
suffici e ntly e ff e ctiv e for guided cargo a e rial d e liv e ry syst e ms. 

[0 1 01 Many large scale users of parachute systems, such as military organizations, find 
themselves in a dilemma: Generally, a choice must be made between a simple low cost, ballistic, 
circular/h e misph e rical semi-spherical ballistic type parachute system, having very little target 
acquisition capability, or a high cost, high performance, parafoil type parachute system, requiring 
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a sophisticated guidance and control system or highly skilled parachutists to operate reliably. In 
actual practice, many large scale users of parachutes must maintain both types of parachute 
systems in their inventory. 

BACKGROUND OF THE INVENTION 

Th e r e ar e two typ e s of parachute syst e ms in g e n e ral use today, for larg e scal e users, such as 
military organizations. On e type f e atures the circular/hemispherical, generally ballistic, 
parachutes, having v e ry littl e capability for trav e rsing an air mass, and th e oth e r f e atures th e high 
performanc e , inflatabl e wing, parafoils that requir e highly sophisticat e d guidanc e and control 
d e vices, or highly skill e d parachutists, to op e rat e r e liably. 

Gen e rally sp e aking, both th e ballistic and high glid e typos of parachut e syst e ms must b e k e pt in 
inventory, and operations manag e rs must chos e b e tw ee n on e or th e oth e r, b e caus e th e syst e ms 
ar e not int e rchang e abl e and th e re is no syst e m to bridg e th e gap b e tw ee n the two. 

Whil e it is much less costly to fabricat e a circular/hemisph e rical type parachute than a parafoil 
type parachute, of th e sam e g e n e ral siz e , construction of th e circular/h e misph e rical typ e of 
parachut e is, n e v e rth e l e ss, not e specially e fficient wh e n th e amount of fabric us e d in the 
construction is consider e d. A typical circular/h e misph e rical type parachut e canopy is g e n e rally 
construct e d from multipl e triangular gore pan e ls that radiat e from a c e ntral point, and is d e pict e d 
by Fig 6. G e n e rally, th e gor e pan e ls are truncat e d to provid e th e parachut e canopy with a 
c e ntrally locat e d v e nt and, occasionally, th e triangular gore shape is slightly modified to provid e 
a mor e a e rodynamically appropriat e shap e for a sp e cific application. Ext e nding outward from 
th e canopy skirt, g e nerally from th e radial s e ams that join the gores, ar e susp e nsion m e mb e rs 
with a l e ngth that g e n e rally approximat e th e constructed diameter of th e canopy. 
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[On] When properly inflated, the circular/hemisph e rical semi-spherical ballistic type 
parachute canopy will be reduced around its entire circumference, resulting in a projected 
diameter that is reduced by approximately one third of its constructed diameter. An undesirable 
consequence of a circular/hemiGph e rical semi-spherical ballistic canopy that has been effectively 
reduced by approximately 33.3% of its constructed diameter is that it projects a drag area that 
has been reduced by approximately 44.4% of its constructed area. The outermost circle of Fig 4 
illustrates the constructed area of a circular/h e mispherical semi-spherical ballistic type parachute 
canopy and the shaded portion of the figure depicts the relative inflated size. Additionally, the 
circular^emiGph e rical semi'Spherical ballistic parachute has very little capability for altering its 
ballistic path to enable it to reach a specific target. 

[012] Parafoil type parachute canopies are multiple cell, airfoil shaped, ram-air inflatable, 
wings made of many complex panel shapes requiring demanding fabrication processes. To 
establish the rigging angle necessary to achieve a desired glide angle, and maintain the desired 
airfoil shape, great variation in the length of the suspension lines is necessary, depending on their 
designated locations. When properly inflated, a parafoil type parachute has a generally 
rectangular, or elliptical, plan form, and, quite frequently, has a span that is approximately 250% 
of its chord. While parafoils have very impressive flight characteristics, if not properly 
controlled during flight, they can miss their intended targets by huge amounts and, if not 
properly controlled at landing, can severely damage delivered payloads and injure or kill 
parachutists. 

It is th e r e fore an object of th e invention to provid e a novel parachute design that will e ffici e ntly 
fulfill all th e p e rformanc e r e quirements of th e low cost, low performanc e , circular/h e misph e rical 
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typ e parachute and many of th e r e quir e m e nts of the high cost, high p e rformance, parafoil typ e 
parachut e with a simpl e to construct, low cost, parachut e . 

It is another obj e ct of th e inv e ntion to provid e a parachute having a canopy with a g e nerally 
rectangular plan form. 

It is another object of th e inv e ntion to provid e a parachut e having inv e rt e d gores. 

It is anoth e r object of th e inv e ntion to provid e a parachut e having canopy segm e nts. 

It is anoth e r obj e ct of th e inv e ntion to provide a parachute having longitudinal seams. 

It is anoth e r obj e ct of th e inv e ntion to provid e a parachut e having, downwardly conv e rging, 
susp e nsion lines. 

It is anoth e r obj e ct of th e inv e ntion to provide a parachut e having ris e r ass e mbli e s. 

It is another object of the invention to provid e a parachut e having canopy e nd panels. 

It is anoth e r obj e ct of th e inv e ntion to provid e a parachut e that is sel e ctively ballistic or gliding. 

It is another obj e ct of th e inv e ntion to provid e a parachut e that is s e l e ctively st ee rabl e . 

It is another obj e ct of th e inv e ntion to provid e a parachut e with a s e l e ctively variabl e d e sc e nt 

f it fx 

1 UIV. 

It is anoth e r obj e ct of th e invention to provid e a parachut e with e fficient mat e rials utilization. 
SUMMARY OF THE INVENTION 
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[0131 In accordance with the present invention, there is provided a very simple technique that 
can be used to design a parachute canopy that will provide approximately 50% more projected 
drag area than a circular/hemispherical semi-spherical ballistic type parachute canopy when 
constructed from a given amount of fabric. Furthermore, this basic canopy design will produce a 
parachute that will have, selectively, moderate glide performance along with favorable 
maneuvering capabilities. This novel parachute, while descending, can transition, controllably, 
from ballistic, to gliding, and from gliding to ballistic, as circumstances dictate. Beyond that, 
this parachute design allows for a simple control feature that enables its vertical velocity to be 
adjusted so that it exceeds the nominal descent rate or decreased to less than the nominal descent 
rate. The inflated canopy shape of this parachute is roughly that of a half cylinder and it is 
referred to as a quonset tvpe semi-cylindrical type parachute. 

[0141 The canopy for the quons e t tvpe semi-cylindrical type parachute is fabricated of gores, 
somewhat like the gores of a circular/hemisph e rical semi-spherical ballistic parachute canopy, but 
they are inverted, relative to a circular/h e misph e rical semi-spherical ballistic parachute, and 
appear as narrow canopy segments, joined side by side, with longitudinal seams , as illustrat e d by 
Fig 1. This geometry results in a parachute canopy that is constructed as a generally rectangular 
plan form, instead of a circular plan form. On e gor e is illustrated by Fig 2. Two gores, inverted, 
illustrat e d by Fig 3, compos e a canopy s e gment. Fig 3 further illustrates that a canopy s e gm e nt 
can b e cut from a singl e piec e of fabric, as an alt e rnativ e t e chniqu e . The simple design feature of 
inverting the gores has a profound impact on the resulting canopy shape and, consequently, the 
parachute performance capabilities. 

[0151 A quonset tvp esemi-cylindrical type parachute canopy, constructed from an identical 
amount of fabric as a circular/hemisph e rical semi-spherical ballistic canopy, when properly 
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inflated, will have a size reduction in the chordwise direction only and will, therefore, have a 
projected drag area that is approximately 66.7% of the constructed area. The outermost lines of 
Fig 5 illustrate the constructed area of a quonsot tvpe semi-cylindrical type parachute canopy and 
the shaded area of the figure illustrates the relative inflated size. As the result of this 
configuration, the projected drag area of the quonset tvp e semi-cylindrical type parachute canopy, 
for an equal amount of fabric, has approximately 150% of the projected drag area of a 
circular/h e misph e rical semi-spherical ballistic type parachute canopy. For the user, this means 
that, for a specific amount of suspended weight, the canopy size can be reduced by 
approximately 33.3%. Or, for a specific amount of fabric, the amount of suspended weight can 
be increased by approximately 50%. 

[0161 When compared to a circular/h e misph e rical semi-spherical ballistic parachute, a parafoil 
type parachute, of the same general size, is very costly. In many instances, the increased cost for 
the parafoil type parachute is considered to be worthwhile because it provides a parachute that 
can efficiently traverse an air column in which it is descending and has good target reaching 
capabilities. However, if the parafoil type parachute is not properly controlled, its high 
performance features can cause it to miss the intended target by huge factors. Additionally, 
because of the high velocity gliding feature of the parafoil type parachute, landings are a 
particular problem. To reduce the velocity of autonomously guided parafoil type cargo delivery 
systems, it is very desirable to have an accurate altitude sensing device, such as a radar altimeter, 
coupled to the controlling device to cause a precisely timed flared landing maneuver. Obviously, 
such sophisticated equipment is very costly. For parachutists, on the other hand, it is necessary 
to clearly see the landing spot and have the proper skills to correctly perform the precisely timed 
flared landing maneuver, at the precise altitude, that will contribute to landing safely. 
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[017| The quonoot tvp e semi-cylindrical type parachute has improved ballistic performance 
over the circular/h e misph e rical semi-spherical ballistic type parachute and, selectively, many of 
the steering and maneuvering characteristics of the parafoil type parachute, although to a lesser 
degree. Moreover, by landing ballistically, the quons e t typ e semi-cylindrical type parachute is 
not dependent on a precisely timed flared landing maneuver to decrease landing velocity. 

[0181 In some instances, it is quite desirable to maneuver a parachute to a point above a target 
and then maintain that general position. The unique performance capabilities of the quons e t 
type semi-cylindrical type parachute allows this to be done quite conveniently. 

["0191 The quons e t typ e semi-cylindrical type parachute can be deployed as a ballistic 
parachute then, if desired, it can selectively transition to become a gliding, steerable, parachute, 
having performance characteristics somewhat like the parafoil type parachute, to reach a specific 
target area. Over the target, or on the glide path to the target, the parachute can, selectively, 
transition into a ballistic parachute, again. Depending on specific needs, the descent rate of the 
quons e t tvp e semi-cylindrical type parachute can be altered to cause a rate that is above nominal 
or below nominal. This combination of features is not attainable with either the 
oircular/h e misph e rical semi-spherical ballistic type parachute or the parafoil type parachute. 

[0201 Even though the circular/h e misph e rical semi-spherical ballistic type parachute is 
considered to be generally ballistic, by retracting the suspension members on one side and/or 
extending the suspension members on the opposite side, the canopy skirt will be caused to tilt, 
relative to horizontal, and relatively high pressure air from the canopy interior will vent from 
beneath the elevated side of the canopy skirt and push the parachute in the opposite direction. 
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Because the inflated parachute canopy is roughly hemispherical, not at all wing-like, extremely 
little lift is generated and the traversing movement, known a slipping, is very inefficient. 

r0211 It is not uncommon for slipping maneuvers to be accomplished with slip-riser 
assemblies. Conventionally, one slip-riser assembly is used for the left side of the parachute 
assembly and another slip-riser assembly is used for the right side. Each slip-riser assembly 
typically consists of a front riser leg joined to a rear riser leg and is configured to cause a rear 
riser leg extension as the result of a front riser leg retraction, and vise versa. This process, while 
enabling a circular/fremisph e rical semi-spherical ballistic parachute canopy to move transversally, 
will not cause it to quickly change heading by spinning or spiraling as part of the process, 
however. The insignificant rotational capability provides a parachutist, or the operator of a 
circular/h e mispherical semi-spherical ballistic parachute cargo delivery system, very little 
heading control, relative to wind direction. A choice of heading may be especially desirable 
when landing. Statistically, and randomly, 25% of all landings, when using conventional 
circular/hemisph e rical semi-spherical ballistic parachutes, will be landings with forward drift, 
landings with left or right drift will be split evenly, with 25% in each direction, and 25% will be 
landings while drifting to the rear. Regardless of the skill of the parachutist, a rearward landing 
is more likely to result in injury than is a landing with drift in any other direction. Use of the 
quonset tvpe semi-cylindrical type parachute will allow a great majority of landings to have the 
most desirable heading for the particular circumstance. 

It is quit e f e asibl e for th e quons e t typ e parachut e to utilize conventional slip ris e r assembli e s if 
controll e d maneuvering is desirod. Wh e n using the slip riser maneuv e ring t e chnique, the ris e rs 
for both sid e s of th e parachut e can be manipulat e d, in unison, to caus e a forward glid e . By 
r e v e rsing th e ris e r positions, a rearward glid e will b e produced. B e caus e th e quonset typ e 
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paraohut e canopy plan form is much moro wing lik e than th e canopy of th e 
circular/hemisph e rical typo parachut e , th e gliding p e rformanc e is consid e rably mor e pronounc e d, 
and e ffici e nt, than that of a parachute having a circular/h e mispherical canopy. If th e riser 
assembly on only on e sid e of the parachute is manipulat e d, th e quons e t typo parachut e will mak e 
a heading chang e and the canopy can th e n bo caused to glide in a new direction. Or, if desir e d, it 
can simply maintain the n e w heading, without glide. If an incr e ased rat e of d e sc e nt is d e sired, 
the ris e r assembly on on e sid e can b e manipulat e d to caus e a turn and, if tho riser position 
r e mains unchang e d, a spiraling turn will result. 

Spiraling turns ar e aerodynamically in e fficient and th e rat e of d e sc e nt will incr e as e as a result. 
If, on the other hand, th e ris e r assembly on ono sid e is manipulat e d to caus e a turn in one 
direction and th e opposit e ris e r assembly is manipulated in a similar fashion, th e quonset type 
parachut e canopy will twist to b e com e somewhat propell e r lik e , and spin about its v e rtical axis, 
producing lift, just as th e spinning blad e s of a helicopter produce lift if th e helicopt e r e ngin e has 
lost power. Logically, wh e n th e parachut e canopy begins producing lift it will have a d e cr e as e in 
its r e lative rat e of d e sc e nt. 

Th e v e ry uniqu e maneuv e ring capabiliti e s of th e quons e t type parachut e , coupl e d with e xc e ll e nt 
economy of construction, is not known to e xist with any other parachut e type. 

As for parachut e s of many oth e r types, th e d e sign e r of a quons e t typo parachute canopy can 
sel e ct from fabric off e ring th e most d e sirable d e gre e of p e rm e ability for a specific application, or 
th e canopy can b e mad e from strips of fabric, or ribbons, or be produc e d with specifically sized 
and located orific e s, to produce a canopy with a sp e cific g e ometric porosity and/or dir e ctional 
venting. 
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It has b ee n loarnod that tho performance of the quonset typo parachute can b e e nhanced by 
having a pan e l install e d in e ach e nd of th e s e mi cylindrical canopy to inhibit transv e rs e airflow 
from th e canopy int e rior. A s e micircular e nd panel, compl e t e ly filling th e op e ning at each e nd of 
tho quons e t parachut e canopy, as depict e d by Fig 1, is most e ff e ctiv e but a partial panel, such as 
one shap e d as a cr e sc e nt, is som e what e ff e ctive and has l e ss bulk than a s e micircular end pan e l. 
How e v e r, a compl e te semi circular end panel will caus e th e inflated canopy shape to b e com e 
som e what e lliptical, and will slightly increase the canopy span. If install e d, e nd pan e ls are 
consider e d to b e compon e nts of th e parachut e canopy ass e mbly. 

As is tru e for any type of wing lik e gliding device, tho gliding performanc e of th e quons e t type 
parachut e can b e enhanced by incr e asing th e span ratio, r e lative to the chord. Th e siz e and 
aspect ratio of the quonset type parachut e canopy is primarily dependent on th e numb e r of 
canopy s e gments utiliz e d and/or the siz e of the canopy s e gments. 

Depending on loading conditions, it may be d e sirabl e to install susp e nsion lines on th e end 
pan e ls of the quons e t typo parachute canopy. Sp e cific loading factors will dictate any e nd pan e l 
reinforcement required as well as the numb e r of susp e nsion lin e s r e quired and th e pr e cise shap e 
of the end panel will dictate th e length of tho suspension m e mb e rs. 

To prop e rly manag e th e op e ning forces that a parachut e is subject e d to, it is fr e qu e ntly desirable 
to prolong th e op e ning process of th e parachut e canopy by a techniqu e known as roofing. It has 
been l e arned that tho quonset type parachut e is compatibl e with all conventional r ee fing 
t e chniqu e s such as p e riph e ral r e efing, spanwis e r ee fing, or slider re e fing. Becaus e of its 
simplicity and low cost, it is e xp e ct e d that slid e r reefing will typically b e chos e n whon roofing is 
desir e d for th e quonsot type parachut e . 
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B e caus e of th e v e ry simpl e shape, the quonset typ e parachut e can e asily b e construct e d in 
modular form. For larg e scal e quons e t type parachut e s, modularity will allow conv e ni e nt 
disassembly for handling or r e pair. 

As with all parachut e s of all typ e s, th e parachut e siz e , th e susp e nd e d w e ight, and th e pr e dict e d 
aerodynamic forces will dictat e the number, and strength, of all mat e rials for th e d e sign and 
construction of a quons e t typ e parachute, in addition to dictating th e str e ngth of s e ams and joints 
that must b e us e d. 

T0221 It is therefore an object of the invention to provide a novel parachute design that will 
efficiently fulfill all the performance requirements of the low cost, low performance, semi- 
spherical ballistic type parachute and many of the requirements of the high cost, high 
performance, parafoil type parachute with a simple to construct, low cost, parachute. 

[0231 It is another object of the invention to provide a parachute having a canopy with a 
generally rectangular plan form. 

[0241 It is another object of the invention to provide a parachute that is selectively ballistic or 
gliding 

[0251 It is another object of the invention to provide a parachute that is selectively steerable. 

[026] It is another object of the invention to provide a parachute with a selectively variable 
descent rate. 

[027] It is another object of the invention to provide a parachute with efficient materials 
utilization. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

["0281 A complete understanding of the present invention may be obtained by reference to the 
accompanying drawings, when considered in conjunction with the subsequent, detailed 
description, in which: 

[0291 Figure 1 is a perspective view of a properly inflated quons e t tvp esemi-cylindrical type 
parachute having a canopy assembly, inv e rt e d gor e trapezoidal gore s, canopy segments, 
longitudinal seams, end panels, suspension lines, and slip-riser assemblies; 

[0301 Figure 2 is a plantop view of an inv e rt e d gore trapezoidal gore ; 

[03 ] 1 Figure 3 is a plantop view of a canopy segment comprised of two inv e rted 
gore trapezoidal gore s; 

[0321 Figure 4 is a plan top-view of a conventional circular/hemisph e rical semi-spherical 
ballistic parachute canopy, having a constructed area and an inflated area; 

[0331 Figure 5 is a plan top-view of a quons e t tvpe semi-cylindrical type parachute canopy, 
having a constructed area and an inflated area; 

[0341 Figure 6 is a plan top- view of a parachute canopy having conventional 
circular/h e misph e rical semi-spherical ballistic geometry; and 

[0351 Figure 7 is an elevational a-fren^view of a semicircular end panel. 

[0361 For purposes of clarity and brevity, like elements and components will bear the same 
designations and numbering throughout the FIGURES. 
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DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0371 Figure 6 illustrates a conventional, semispherical ballistic parachute 24 in plan view. 
The semi spherical ballistic parachute 24 is constructed of a plurality of gores arranged radially 
around a central circular panel or vent. The gores are generally trapezoidal in shape, with a 
smaller base disposed at the center of the semispherical ballistic parachute 24 and a larger base at 
the perimeter or "skirt" of the parachute. Each of the long sides 28 of each gore 26 are conjoined 
with the opposing long side of the adjacent gores, forming a radial seam 30 between the gores 
26. The long sides 28 of each gore 26 may be straight, or arcuate, to provide a shape more of a 
spherical segment when the parachute is inflated. 

["0381 In Figure 4, the horizontal or plan areas of the uninflated and inflated semispherical 
ballistic parachute 24 are compared. The uninflated area represents the area of the deflated 
parachute on a flat horizontal surface, and is proportional to the amount of fabric required to 
construct the parachute. The inflated area 34, shown within the cross-hatched area of Figure 4. 
represents the area of the inflated semispherical ballistic parachute 24, when it has taken the 
shape of a spherical segment, projected on a horizontal plane. This horizontal inflated area 34 is 
proportional to the amount of drag provided by the ballistic semispherical parachute. The ratio 
of the projected uninflated area 32 to the inflated area 34 on the horizontal plane represents the 
drag efficiency provided by the parachute design. 

T0391 To achieve the objectives of providing a parachute design with an improved drag 
efficiency over a ballistic parachute, in addition to providing one with some gliding or 
maneuvering improvements over a ballistic parachute, a semi-cylindrical parachute 10 is 
provided, as shown in Figure 1. The semi-cylindrical parachute 10 is comprised of a canopy 
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assembly 12, which in turn is comprised of a number of canopy segments 16, The preferred 
number of canopy segments 16 comprising the canopy assembly 12 is seven. At either end of 
the canopy assembly 12 is an end panel 18. Each end panel 18 has a curved, preferably semi- 
circular upper edge, which forms a seam with the outer longitudinal edge of the adjacent canopy 
panel. The completed canopy has, when inflated, a generally semi-cylindrical shape around the 
horizontal axis. 

[040] A number of suspension lines 20 are connected to the canopy assembly 12, from which 
the supported load is suspended. The upper end of each suspension line 20 is attached to the 
skirt of the canopy assembly 12 at a seam between adjacent canopy segment 16 and between end 
panels 18 and adjacent canopy segment 16. The lower ends of the suspension lines 20 are 
assembled together with a pair of slip-riser assemblies, as commonly used in the art. 

[041] In Figure 2, one of the two gores 14 which comprises each canopy segment 16 is 
illustrated. Each gore 14 is generally in a trapezoidal shape fabricated from a single layer of 
fabric, with two parallel bases; a longer base 38 and a shorter other base. Two longitudinal sides 
42 of the gore taper inward from the larger base to the shorter base 40. The longitudinal sides 42 
may be straight or arcuate, depending on the desired shape of the inflated canopy. 

[0421 LP Figure 2, an assembled canopy segment 16 is illustrated. Each canopy segment 16 is 
comprised of two gores 14, in reverse orientation to each other with the two longer bases 38 
abutting to form a centerline span 44. The two shorter bases 40 of the gores 14 are parallel and 
at opposite ends of the canopy panel. 

[0431 The end panel 18 is illustrated in Figure 8. It is comprised of a single layer of fabric 
and is cut into a shape with a substantially straight lower edge 46 and an arcuate or curved upper 
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edge 36. The ends of the upper edge 36 are disposed at either end of the lower edge 46. In the 
preferred embodiment, the upper edge 36 is semicircular in shape, with a center of radius located 
at the center of the lower edge 46. 

[0441 The parts of the canopy are illustrated in Figure 8, prior to assembly. A plurality of 
canopy segments 16, preferably seven, are aligned laterally with centerline spans 44 and either 
ends of the canopy segments collinearly aligned. The longitudinal sides 42 of adjacent canopy 
segment 16 are conjoined in a seam. The upper edge 36 of each end panel 18 and the outer 
longitudinal side 42 of the outer canopy segment 16 are conjoined in a seam; forming a single 
layer canopy. 

[0451 Figure 1 is a perspective view of a quons e t type semi-cylindrical type parachute 
assembly 10. This quonset tvp e semi-cylindrical type parachute assembly 10 consists of a 
generally semi-cylindrical canopy assembly 12, of an approximately 2.0:1 span to chord aspect 
ratio when properly inflated, comprised of a plurality of canopy segments. Each canopy segment 
is comprised of a single layer of fabric having two longitudinal edges and two parallel end edges. 
This semi-spherical type parachute assembly has inverted gor e trapezoidal gores 14, combined as 
canopy segments 16, having anhedral arc incorporated as the result of the inv e rt e d 
gor etrapezoidal gore 14 orientation, along with semicircular end panels 18, in addition to 
suspension lines 20, and slip-riser assemblies 22, that when combined, in series, have a length 
that is approximately equal to 100% of the canopy assembly 12 span^ 

Figur e 2 is an inv e rt e d gor e M 

Figur e 3 is a canopy segment 1 6 
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Figur e 4 is a top view of a conv e ntional circular/h e mispherical parachute canopy having a 
construct e d ar e a and an inflat e d area 

Figur e 5 is a top vi e w of a quons e t parachute canopy having a construct e d ar e a and an inflat e d 

Hi V/M. 

Figur e 6 is a circular/h e misph e rical parachute canopy with conventional canopy geom e try 
Figur e 7 is a s e mi circular e nd pan e l 1 8 

r0461 To fabricate the semi-cylindrical parachute 10, -Bbeginmf^ with a selected inflated area, 
of an approximately 2.0:1 span to chord aspect ratio; multiply the span dimension by 0.392 to 
obtain a centerline chord dimension for the design of m inv e rted gor e trapezoidal gore 14. 
Divide the span dimension by the desired number of canopy segments 16, which is seven for this 
illustration in the preferred embodiment , to obtain a design dimension for the4he span , or longer 
base 38 of each inv e rt e d gor etrapezoidal gore 14. Multiply the span dimension of the invert e d 
gef etrapezoidal gore 14 by 0.8 to obtain a design dimension for the skirt , or a shorter base 40 of 
each inverted gor e trapezoidal gore 14. Multiply the resulting inv e rt e d gore trapezoidal gore 14 
hypotenuse dimension by 2 and divide by pi to obtain a design radius for a semicircular end 
panel 18. Multiply the span dimension by 1.0 to obtain the design length dimension for each 
suspension line 20 and slip-riser assembly 22 serial combination. 

[0471 After providing for typical seam and hem allowances, cut fourteen inv e rt e d 
gere trapezoidal gore s 14, as illustrated by Fig 2, from an appropriate fabric and join them, as 
pairs, along their spans- longer bases 38 to form seven canopy segments 16, as illustrated by Fig 
3. Join the canopy segments 16, in series, along their hypotenuse edges longitudinal sides 42 , to 
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form a roughly rectangular canopy assembly 12 having a constructed chord dimension that is 
approximately 80% of the span dimension. Provide for typical seam and hem allowances and cut 
two semicircular end panels 18 from an appropriate fabric. Install an end panel 18 by its upper 
edge 36 in each outboard eftd- lonuitudinal side 42 of the canopy assembly 12, as depicted by Fig 
1 . Mark and cut fourte e n sixteen suspension lines 20, that when joined, serially, to the riser 
assemblies 22, will have a finished dimension that is approximately 100% of the canopy 
assembly 12 span dimension. Install one suspension line 20 at the junction intersection of the 
canopy assembly 12 skirt and each longitudinal seam 3448. Cut, and attach, six similar 
suspension lines 20, equally spaced, to the skirt of each end panel 18. Connect the free end of 
each suspension line 20 extending from the left front quarter of the canopy assembly 12 
periphery to the left front slip-riser assembly 22 leg. Connect the free end of each suspension 
line 20 extending from the right front quarter of the canopy assembly 12 periphery to the right 
front slip-riser assembly 22 leg. Connect the free end of each suspension line 20 extending from 
the left rear quarter of the canopy assembly 12 periphery to the left rear slip-riser assembly 22 
leg. Connect the free end of each suspension line 20 extending from the right rear quarter of the 
canopy assembly 12 periphery to the right rear slip-riser assembly 22 leg. 

[048] It is quite feasible for the semi-cylindrical type parachute 10 to utilize conventional slip- 
riser assemblies 22 if controlled maneuvering is desired. When using the slip-riser maneuvering 
technique, the mers-slip-riser assemblies 22 for both sides of the parachute 10 can be 
manipulated, in unison, to cause a forward glide. By reversing the riser positions, a rearward 
glide will be produced. Because the semi-cylindrical type parachute 10 canopy plan form is 
much more wing-like than the canopy of the semispherical ballistic twe-parachute 24, the 
gliding performance is considerably more pronounced, and efficient, than that of a parachute 
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having a semi spherical ballistic canopy. If the slip-riser assembly 22 on only one side of the 
parachute 10 is manipulated, the semi-cylindrical type parachute will make a heading change and 
the canopy can then be caused to glide in a new direction. Or, if desired, it can simply maintain 
the new heading, without glide. If an increased rate of descent is desired, the slip-riser assembly 
22 on one side can be manipulated to cause a turn and, if the riser position remains unchanged, a 
spiraling turn will result. 

[049] Spiraling turns are aerodynamically inefficient and the rate of descent will increase as a 
result. If, on the other hand, the riser assembly on one side is manipulated to cause a turn in one 
direction and the opposite riser assembly is manipulated in a similar fashion, the semi-cylindrical 
type parachute canopy will twist to become somewhat propeller-like, and spin about its vertical 
axis, producing lift, just as the spinning blades of a helicopter produce lift if the helicopter engine 
has lost power. Logically, when the parachute canopy begins producing lift it will have a 
decrease in its relative rate of descent. 

[050] The very unique maneuvering capabilities of the semi-cylindrical type parachute 10, 
coupled with excellent economy of construction, is not known to exist with any other parachute 

typ e. 

[051] As for parachutes of many other types, the designer of a semi-cylindrical type parachute 
10 canopy can select from fabric offering the most desirable degree of permeability for a specific 
application, or the canopy can be made from strips of fabric, or ribbons, or be produced with 
specifically sized and located orifices, to produce a canopy with a specific geometric porosity 
and/or directional venting. 
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[052] It has been learned that the performance of the semi-cylindrical type parachute can be 
enhanced by having an end panel 18 installed in each end of the semi-cylindrical canopy 
assembly 12 to inhibit transverse airflow from the canopy interior. A semicircular end panel 18 , 
completely filling the opening at each end of the wemsetsemi-cylindrical type parachute canopy, 
as depicted by Fig 1, is most effective but a partial panel such as one shaped as a crescent, is 
somewhat effective and has less bulk than a semicircular end panel. However, a complete semi- 
circular end panel will cause the inflated canopy shape to become somewhat elliptical and will 
slightly increase the canopy span. If installed, end panel s ar e considered to be components efjhg 
parachut e canopy assembly. 

[053] As is true for any type of wing-like gliding device, the gliding performance of the semi- 
cylindrical type parachute can be enhanced by increasing the span ratio, relative to the chord. 
The size and aspect ratio of the semi-cylindrical type parachute canopy is primarily dependent on 
the number of canopy segments utilized and/or the size of the canopy segments. 

[054] Depending on loading conditions, it may be desirable to install suspension lines on the 
end panels of the semi-cylindrical type parachute canopy. Specific loading factors will dictate 
any end panel reinforcement required as well as the number of suspension lines required and the 
precise shape of the end panel will dictate the length of the suspension members. 

[055] To properly manage the opening forces that-to which a parachute is subiected4e, it is 
frequently desirable to prolong the opening process of the parachute canopy by a technique 
known as reefing. It has been learned that the semi-cylindrical type parachute is compatible with 
all conventional reefing techniques such as peripheral reefing, spanwise reefing, or slider reefing. 
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Because of its simplicity and low cost, it is expected that slider reefing will typically be chosen 
when reefing is desired for the semi-cylindrical type parachute. 



[056] Because of the very simple shape, the semi-cylindrical type parachute 10 can easily be 
constructed in modular form. For large scale semi-cylindrical type parachutes, modularity will 
allow convenient disassembly for handling or repair, 

[057] As with all parachutes of all types, the parachute size, the suspended weight, and the 
predicted aerodynamic forces will dictate the number, and strength, of all materials for the design 
and construction of a semi-cylindrical type parachute, in addition to dictating the strength of 
seams and joints that must be used. 

[0581 Since other modifications and changes varied to fit particular operating requirements 
and environments will be apparent to those skilled in the art, the invention is not considered 
limited to the example chosen for purposes of disclosure, and covers all changes and 
modifications which do not constitute departures from the true spirit and scope of this invention. 

[059] Having thus described the invention, what is desired to be protected by Letters Patent is 
presented in the subsequently appended claims. 
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ABSTRACT OF THE DISCLOSURE 

A novel parachute design is presented that is distinguished by having invert e d 
gere trapezoidal gore s, producing a parachute having a unique shape, which can be, selectively, 
either ballistic or gliding and steerable, in addition to having a selectively variable rate of 
descent. Moreov e r, th e parachut e design allows for a v e ry e ffici e nt us e of materials. The 
parachute is comprised of a canopy assembly having, plurality of laterally-aligned canopy 
segments, each canopy segment shaped as an extended hexagon, formed by joining two isosceles 
trapezoidal gores along their respective longer bases to form a centerline span, and each canopy 
segment joined to adjacent canopy segments along a seam formed by the sides of adjacent gores. 
The canopy is completed with semi-circular end panels, forming a semi-cylindrical canopy 
assembly. Suspension lines are attached to the skirt of the canopy, which are joined at the lower 
ends in a pair of suspension risers. 
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